addition, the magnetic domain wall contrast is strongest at the initial irradiation site, indicated by the yellow arrow, showing that the skyrmion was nucleated from that site, most likely as a result of slightly overexposure to the ion beam at the starting site. Fig. S3 shows under-focus Lorentz TEM images of spiral-scanned 1 µm diameter circular irradiated regions. Experiments carried out using a much longer dwell time (100 µs) enabled us to observe the ion beam motion using an oscilloscope and to show that the ion beam was moving in a continuous spiral no matter whether the starting point was in the center of the irradiated region or at the edge. 
Supplementary Note 3
We also performed in-situ magnetizing experiments with an out-of-plane field. . In-situ magnetizing experiments with an out-of-plane field were also performed on artificial skyrmion and antiskyrmion structures, as shown in Fig. S5 . The sample was not tilted for this measurement. The skyrmion and antiskyrmion spin structures started to change only for an applied field higher than 600 Oe, indicating that the switching fields of the cores is at least this value and is substantially higher than the saturation field of the surrounding multilayer film. The saturation field for the skyrmions and antiskyrmions is about 1200 Oe. Therefore, we can achieve skyrmions with cores whose magnetization points in the opposite direction to the surrounding unirradiated film by a field treatment, as proposed in the manuscript. The in-plane circular spin structure begins to change when the outof-plane field was increased to above 600 Oe, indicating that the skyrmion core has a switching field of at least 600 Oe. The saturation field is around1200 Oe.
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Supplementary Note 4
To help identify the magnetization directions in the skyrmion and antiskyrmion structures, 
